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Description 

TECHNICAL FIELD 

5 The present invention relates to a nickel hydroxide active material for alkaline storage batteries and a positive elec- 

trode for alkaline storage batteries using the same. 

BACKGROUND ART 

10 A known nickel hydroxide active material for alkaline storage batteries is manganese-contained nickel hydroxide 
(Japanese Laid-Open Patent Publication Hei 7-335214). According to the publication, nickel (II) hydroxide powder con- 
taining manganese of which more than 50 percent is present as tervalent is obtained from an aqueous solution contain- 
ing Ni(ll) salt and Mn (III) salt by coprecipitation using an alkaline solution. 

Also, in order to improve the charge efficiency at a high temperature of a nickel positive electrode for an alkaline 

75 storage battery, proposed is addition to the positive electrode of one of the compounds of yttrium, iridium, antimony, bar- 
ium. calcium and beryllium (Japanese Laid-Open Patent Publication Hei 5-28992). 

Nickel hydroxide in which 10 to 40 mole percent of nickel is substituted with manganese that is obtained by the 
method of synthesis of the Japanese Uid-Open Patent Publication Hei 7-335214 has a crystal structure of the a- 
Ni(OH)2-type as basic skeleton which has a peak on the (006) plane within the range of diffraction angle 20 between 5** 

20 and 14^ in a powder X-ray diffraction pattern by CuKa radiation. 

Presently known nickel hydroxide active materials have two crystal structures. One is a type crystal structure where 
the diffraction angle 26 value has a peak on the (006) plane within the range between 5° and 14°. and the other is p 
type crystal structure where the diffraction angle 20 value has a peak on the (001) plane within the range between 18° 
and 20.5** (FIG. 1). 

25 It is widely known from powder X-ray diffraction measurement results that the a type nickel hydroxide has a wider 
spacing in the c axis direction than that of the p type. Therefore, the true density of the a type nickel hydroxide is smaller 
than the true density of the p type. Moreover, the nickel hydroxide active material now used in alkaline storage batteries 
has the p type crystal structure. 

It follows from the above that the positive electrode using the a type active material particles is smaller In volume 

30 capacity density than the currently used positive electrode using the p type active material particles. Besides, addition 
of the aforementioned compounds, such as a compound of Y, can improve the charge efficiency at high temperatures 
up to 45**C, but an even more improvement In the high temperature area is hoped for. 

It is accordingly an object of the present invention to provide a nickel hydroxide active material for an alkaline stor- 
age battery with excellent charge acceptance under high temperature atmosphere without sacrificing the volume 

35 capacity density. 

Another object of the present invention is to provide a nickel positive electrode for an alkaline storage battery with 
high utilization of the active material in an atmosphere over a wide temperature range from normal to even higher tem- 
peratures than 45°C. 

40 DISCLOSURE OF INVENTION 

The present invention provides a nickel hydroxide active material for an alkaline storage battery comprising nickel 
hydroxide substantially of the p type containing 10 to 40 mole percent of Mn of the total amount of metal ions. 

More specifically, the nickel hydroxide active material for an alkaline storage battery of the present invention has a 
45 peak Pa with the peak top located within the range of diffraction angle 26 between 5° and 1 4° and another peak with 
the peak top located within the range of diffraction angle 26 between 1 8*^ and 20.5°. the relative integrated intensity ratio 
of the two peaks Pa/Pb being not larger than 1/2, in a powder X-ray diffraction pattern by CuKa radiation. 

The present invention provides a method of producing a nickel hydroxide active material for an alkaline storage bat- 
tery comprising the steps of preparing a nickel hydroxide containing 10 to 40 mole percent of Mn of the total amount of 
50 metal ions by reacting an aqueous solution containing bivalent nickel ions and bivalent manganese ions with an aque- 
ous alkaline solution and treating the nickel hydroxide thus obtained in an aqueous alkaline solution at 30 to 120**C. 

Further, the present invention provides a nickel positive electrode for an alkaline storage battery of a paste type 
comprising an active material mixture containing the above-mentioned nickel hydroxide active material and a conduc- 
tive support, the mixture containing a powder of a compound of at least one element selected from the group consisting 
55 of Ca. Sr. Ba. Cu. Ag. C6, Y, and Yb. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a graph showing powder X-ray diffraction patterns of a nickel hydroxide active material particle "c" 
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BEST MODE FOR CARRYING OUT THE INVENTION 
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manganese obtainart hu r^^S ^-^y diffraction pattern of the ni^u^i u T ®' ^y«*roxide. 
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N«(OH)2 + OH-^NiOOH+H20 + e- 
2OH->i/2.02 + H2O + e- 

(2) 
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According to the present invention, a nickel hydroxide active materia! with high charge acceptance under high tem- 
perature atmosphere can be obtained without the volume capacity density sacrificed. It is also possible to obtain a pos- 
itive electrode with high utilization of nickel hydroxide under wide temperature range atmosphere from normal to even 
higher temperatures than 45**C. 
5 Also widely known are a method to control swelling of the nickel hydroxide active material by incorporating into a 

solid solution at least one element from among Mg. Zn, Cd and Ca and another method of raising the utilization by 
incorporating Co into an active material solid solution. In the present Invention, too. it is more preferable to incorporate 
such an element as well as manganese into a nickel hydroxide solid solution. 

The present invention will be further illustrated by the following example. 

10 

Example 1 

An aqueous solution containing 1 .125 M nickel (II) sulfate and 0.375 M manganese (II) sulfate, an aqueous solution 
of 8 IVI potassium hydroxide and an aqueous solution of 15 M ammonia solution were all continuously pumped into a 
15 reaction vessel at the same flow rate while stirring, and active material particles were separated from a suspension con- 
taining the active material that was overflowing the reaction vessel. The active material particles obtained were poured 
over a hot aqueous alkaline solution at 60^C containing 31 percent by weight of KOH and stirred for 24 hours, and thus 
a solid solution nickel hydroxide active material "c" with 25 mol percent of manganese incorporated therein was 
obtained. 

20 Changing the concentration ratio of nickel (II) sulfate to manganese (II) sulfate in an aqueous solution containing 
nickel (II) sulfate and manganese (II) sulfate, solid solution nickel hydroxide active materials "a", "b", "d" and "e" with 
manganese incorporated therein at various concentrations were obtained. 

Comparative Example 1 

25 

In the same way as In Example 1 except that an aqueous solution containing nickel (II) sulfate alone was used in 
place of the aqueous solution containing nickel (II) sulfate and manganese (II) sulfate, an active material particle T was 
obtained. 

30 Comparative Example 2 

In the same way as in Example 1 except that treatment with a hot aqueous alkaline solution was not performed, an 
active material particle "g" was obtained. 

35 Comparative Example 3 

An aqueous solution of 0.375 M manganese sulfate and 30 percent by weight of aqueous hydrogen peroxide were 
mixed to prepare 1 ,000 ml of a solution. To this solution, an aqueous solution of 2 M potassium hydroxide was added 
to adjust the pH to 1 2.5 so that manganese is present In the tervalent state. This solution was then mixed with 4,000 ml 

40 Of 1 .125 M nickel sulfate. To the reaction vessel in which the mixed solution was placed, an aqueous solution of 8 M 
potassium hydroxide and an aqueous solution of 15 M ammonia were continuously Introduced Into a reaction vessel at 
the same flow rate while stinging, and active material particles were separated from a suspension containing the active 
material that was overflowing the reaction vessel. The active material particles obtained were poured over a hot aque- 
ous alkaline solution at 60^C containing 31 percent by weight of KOH and stirred for 24 hours. In this way an a type 

45 nickel hydroxide active material "h" containing 25 mol percent of manganese (III) was obtained. 

Table 1 shows the ratios of metal ions in these active material particles and the relative integrated intensity ratios 
of peak PA/peak in a powder X-ray diffraction pattern. 
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(57) A nickel hydroxide active material for alkaline 
storage battery which has a high charging efficiency at 
high temperatures and a high capacity density and a 
nickel plate electrode using the active material are dis- 
closed. The nickel hydroxide active material contains 
10-40 mol % of Mn with respect to the total amount of 
metallic ions and is made substantially of p-type nickel 
hydroxide. The X-ray diffraction pattern of this active 
material observed using Ka rays of Cu has a peak Pa 

FIG. 1 



having a peak top in the range of 5°-14° of angle of dif- 
fraction 26 and a peak Pg having a peak top in the range 
of 18°-20.5°. The relative integrated intensity ratio 
between the peaks is less than 1/2. The nickel positive 
electrode contains the above-mentioned active material 
and a compound, such as O3 to raise the oxygen 
producing potential. 
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Table 2 



Positive electrode 


Discharge capacity den- 
sity (mAh/cc) 20*^0 
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First a comparison of capacity densities for the batteries charged at 20°C confirmed that if the content of manga- 
25 nese exceeds 40 mole percent, the capacity density decreases, and that at 50 mole percent, it drops to 200 mAh/cc or 
lower That is attributable to this: as described earlier, the value of the aforementioned peak integrated intensity ratio 
became close to 1/2 at 40 mole percent of manganese content in the powder X-ray diffraction pattern and the value 
exceeded 1/2 with the 50 mole percent manganese-contained active material particle "g". and as a result, the density 
of the active material particle decreased. From the viewpoint of capacity density, it is preferable that the content of man- 
so ganese is not higher than 40 mole percent of the total amount of metal ions in the solid solution nickel hydroxide . 

It is also noted that if the peak integrated intensity ratio exceeds 1/2. the capacity density will drop substantially 
because of the presence of abundant particles of the crystal structure with a large spacing. To further improve the 
capacity density, it is preferable that the integrated intensity ratio is not higher than 1/10. 

As Is clear from the above results, It Is evident that the positive electrode using a nickel hydroxide active material 
35 particle containing manganese is higher in charge efficiency than that containing no manganese at a high temperature. 
This is because incorporation of manganese results in a shift of the charge potential in the "anodic" direction. With the 
content of manganese less than 10 mole percent (positive electrode "A"), the effect is small. To improve the charge effi- 
ciency at a high temperature, therefore, it is preferable that the content of manganese is not lower than 1 0 mole percent. 
From the above, it can be said that the content of manganese is preferably 10 to 40 mole percent. 
40 Also, the positive electrode "C comprising the active material particle "c" containing 25 mole percent of manga- 
nese according to the present invention is much improved over the positive electrode "H" comprising the active material 
"h" containing 25 mole percent of manganese of Comparative Example 3 In capacity density for the battery charged at 
20**C. The reason for this is. as is evident from the powder X-ray diffraction patterns shown in FIG. 1 . that the active 
material "h" of Comparative Example 3. which has a very high peak integrated intensity ratio, is an a type nickel hydrox- 
ide active material, while the active material "c" of Example 1 . which has an almost zero integrated intensity ratio, is sub- 
stantially a p type nickel hydroxide active material, that is, the active material itself highly intensifies in density 

Another comparison between the positive electrode "C using the active material "c" and the positive electrode "1" 
of the active material "c" mixed with Y2O3 shows that addition of Y2O3 can further improve the charge efficiency at a 
high temperature. This is because addition of Y2O3 to the positive electrode is effective for raising the oxygen evolution 
50 potential during charging. 

The capacity ratio of the positive electrode "1" was about 80 percent of that for the battery charged at 20°C even 
when charged at a temperature as high as 55"C. The posrtive electrode of the active material T from the comparative 
example, which was mixed with Y2O3. was examined for the charge efficiency at a high temperature, and it was found 
that the capacity ratio after charging at temperatures up to 45°C was as high as 90 percent of that for the battery 
55 charged at 20**C. However, the capacity ratio after charging at 55°C was down to some 70 percent of that for the battery 
charged at 20°C. From these results, it was discovered that a further improvement could be achieved by combining the 
nickel hydroxide active material containing manganese of the present invention and Y2O3 described in the Japanese 
Laid-open Patent Publication Hei 5-28992, instead of adding Y2O3 alone. This results from the synergistic effect of the 
addition to nickel hydroxide of manganese that shifts the charge potential in the "anodic" direction and the addition of 
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Y2O3 which raises the oxygen evolution potential. 

In the aforementioned Examples. Y2O3 was used as a compound to raise the oxygen evolution potential. The iden- 
tical results can be obtained using, in place of Y2O3, the following compounds: Ca(OH)2. CaO. CaF2. CaS. CaS04. 
CaSisOg. CaC204. CaW04. SrCOg. Sr(0H)2. BaO, CugO. Ag20. CdO, YF3. Y(OH)3. Y2(C03)3. YbPg. Yb(0H)3 or 

INDUSTRIAL APPLICABILITY 

As has been described, according to the present invention, a positive electrode active material for an alkaline stor- 
age battery can be obtained which is excellent in charge efficiency and capacity density at a high temperature. With the 
use of this active material, a high-capacity density nickel positive electrode can be obtained which is excellent in charge 
efficiency at a high temperature. 

Claims 

1 . A nickel hydroxide active material for an alkaline storage battery comprising nickel hydroxide substantially of the p 
type containing 10 to 40 mole percent of manganese of the total amount of metal ions. 

2. The nickel hydroxide active material for an alkaline storage battery in accordance with Claim 1 , wherein said nickel 
hydroxide active material has a peak P^^ with the peak top located within the range of diffraction angle 20 between 
5° and 1 and another peak Pg with the peak top located within the range of diffraction angle 20 between 1 8° and 
20.5°, the relative integrated intensity ratio of said two peaks Pa/Pb being not larger than 1/2, in a powder X-ray dif- 
fraction pattern by CuKa radiation. 

3. The nickel hydroxide active material for an alkaline storage battery in accordance with Claim 2. wherein said inte- 
grated intensity ratio Pa/Pb 's not larger than 1/10. 

4. The nickel hydroxide active material for an alkaline storage battery in accordance with Claim 1 . wherein said nickel 
hydroxide active material is obtained through a step of producing nickel hydroxide containing specified amounts of 
Mn by reacting an aqueous solution containing bivalent nickel ions and bivalent manganese ions with an aqueous 
alkaline solution and a subsequent step of treating the nickel hydroxide thus obtained in an aqueous alkaline solu- 
tion at 30 to 120''C. 

5. A method of producing a nickel hydroxide active material for an alkaline storage battery comprising the steps of pre- 
paring nickel hydroxide containing 10 to 40 mole percent of Mn of the total amount of metal ions by reacting an 
aqueous solution containing bivalent nickel ions and bivalent manganese ions with an aqueous alkaline solution 
and treating the nickel hydroxide thus obtained in an aqueous alkaline solution at 30 to 120'*C. 

6. A nickel positive electrode for an alkaline storage battery conrrprising an active material mixture and a conductive 
support, sakj active material mixture containing the nickel hydroxide active material in accordance with Claim 1. 

7. The nickel positive electrode for an alkaline storage battery in accordance with Claim 6, wherein said active mate- 
rial mixture additionally contains a compound of at least one element selected from the group consisting of Ca, Sr, 
Ba, Cu. Ag. Cd, Y. and Yb. 

8. The nickel positive electrode for an alkaline storage battery in accordance with Claim 7. wherein said compound is 
selected from the group consisting of Ca{0H)2. CaO. CaFs. CaS. CaS04, CaSigOs. CaC204. CaW04, SrCOa. 
Sr(OH)2. BaO. CU2O. Ag20, CdO, YF3. Y(OH)3, Y2(C03)3. Y2O3. YbFs, Yb(OH)3. and Yb203. 

9. The nickel positive electrode for an alkaline storage battery in accordance with Claim 8. wherein the content of said 
compound is 0.1 to 5 parts by weight per 100 parts by weight of said nickel hydroxide active material. 
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